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ELECTRIC WATER HEATER HAVING BALANCED 
WATTAGE DENSITY WATER HEATING 

5 

BACKGROUND OF THE INVENTION 

The present invention generally relates to liquid heating devices and, 

10 in a preferred embodiment thereof, more particularly relates to an 
electric water heater having a heating system providing, throughout the 
tank portion of the heater, equal heating wattage density for unequal 
volume water zones utilizing unequal wattage electric heating structures. 
Conventional residential type electric water heaters are typically 

15 provided with two electric heating elements projecting into their water 
storage tank portion - one element being mounted near the bottom of 
the tank, and the other element being mounted near the top of the tank. 
The top electrical heating element is designed to heat a small amount of 
water so that when the water heater is first installed, or when most of the 

20 hot water in the tank has been used, a limited amount of hot water is 
available. This provides at least some utility while the complete volume of 
tank water is heating. 

conventional commercial type electric water heaters, on the other 
hand, are typically provided with multiple electrical heating elements - all 

25 mounted near the bottom of the tank. The theory behind this particular 
heating element placement is that the entire volume of water in the tank 
can be quickly heated using the full combined power of the multiple 
elements. This is a satisfactory procedure when a large volume of hot 



water is used. However, if only a small water draw is taken, all the 
elements will fire and temperature overshoot can occur as the power is 
being applied at a very high rate. Additionally, the full power 
consumption is used whether a very small amount of water or a very large 
5 amount of water is being drawn from the tank. As is well known, this 
results in an undesirably high electrical load factor in low water draw 
situations. 

as can readily be seen from the foregoing, it would be desirable to 
provide an electric water heater in which these heating problems, 
10 limitations and disadvantages commonly associated with electric water 
heaters of conventional construction are eliminated or at least 
substantially reduced, it is to this goal that the present invention is 
directed. 



1 5 SUMMARY OF THE INVENTION 

in carrying out principles of the present invention, in accordance 
with a preferred embodiment thereof, liquid heating apparatus is 
provided which is representatively in the form of an electric water heater. 
The water heater has a tank adapted to hold a quantity of water to be 

20 heated, the tank having a plurality of contiguous vertical zones of unequal 
volumes. A vertically spaced plurality of unequal wattage electrical 
heating structures extends into the tank, with each electrical heating 
structure serving a different one of the zones. The electrical heating 
structures are sized in a manner such that they provide the zones with 

25 substantially equal heating wattage densities. 

Representatively, the heating structures are individually controlled, 
and each heating structure is an individual electrical resistance type 
immersion heating element. Alternatively, each heating structure could 
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be defined by a closely grouped plurality of individual heating elements, 
in a first representative embodiment of the water heater the tank zones 
comprise a top zone contiguous with a bottom zone and having a volume 
smaller than the volume of the bottom zone, and the electrical heating 

5 structures comprise a top electrical heating structure serving the top zone 
and having a first wattage, and a bottom electrical heating structure 
serving the bottom zone and having a second wattage, the ratio of the 
first wattage to the second wattage being substantially identical to the 
ratio of the volume of the top zone to the volume of the bottom zone. 

10 in a second representative embodiment of the water heater the 

tank zones comprise a top zone contiguous with a bottom zone and 
having a volume larger than the volume of the bottom zone, and the 
electrical heating structures comprise a top electrical heating structure 
serving the top zone and having a first wattage, and a bottom electrical 

15 heating structure serving the bottom zone and having a second wattage, 
the ratio of the first wattage to the second wattage being substantially 
identical to the ratio of the volume of the top zone to the volume of the 
bottom zone, in a third representative embodiment of the water heater, 
the tank has at least three contiguous vertical zones of unequal volumes, 

20 each being served by a different one of the unequal wattage electrical 
heating structures. 

The equal wattage density heating system incorporated in these 
representative electric water heater embodiments provides them with a 
variety of advantages over conventionally configured electrical water 

25 heaters, such advantages including increased water heating efficiency, a 
substantial reduction in undesirable temperature overshoot, and a 
desirable lowering of electrical load factors. 
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BRIEF DESCRIPTION OF THE DRAWINCS 

FIGS. 1-3 are schematic cross-sectional views through representative 
electric water heaters incorporating equal wattage density heating 
systems embodying principles of the present invention. 

5 

DETAILED DESCRIPTION 

Schematically depicted in cross-section in FIG. 1 is an electric liquid 
heating apparatus, representatively an electric water heater 10, which 
embodies principles of the present invention. The water heater 10 has a 

10 vertical, representatively cylindrical tank portion 12 in which a quantity of 
pressurized water 14 to be heated is stored, the tank 12 having a total 
interior volume V. Extending upwardly from the upper end of the tank 12, 
and communicating with its interior, are the usual cold water inlet, hot 
water outlet and temperature and pressure relief fittings 16,18,20. 

15 Extending outwardly around the tank 12 is a jacket structure 22 that forms 
around the tank 12 a cavity which is filled with a suitable insulation 
material 24. 

According to a key feature of the present invention, the water 
heater 10 is provided with a specially designed equal wattage density 

20 electric heating system used to heat the water 14 in the tank 12 for on- 
demand delivery therefrom to various plumbing fixtures such as, for 
example, sinks, showers, dishwashers and the like. With continuing 
reference to FIG. 1, the heating system comprises a vertically spaced 
plurality (representatively two in number) of electrical resistance type 

25 immersion heating structures 26,28 which horizontally project into the 
interior of the tank 12. Heating structures 26,28 are representatively 
single electric heating elements, but could each alternatively be a closely 
grouped plurality of individual elements if desired. 
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The upper electrical heating element 26 serves and is positioned at 
the bottom of an upper tank water zone Zi having a volume Vi, while the 
lower electrical heating element 28 serves and is positioned at the bottom 
of a bottom tank water zone Z 2 having a volume v 2 which is 

5 representatively twice as great as the volume Vi. upper heating element 
26 has a heating wattage Wi which is half of the heating wattage w 2 of the 
bottom heating element 28. Thus, according to a kev aspect of the 
present invention, the heating system incorporated in the water heater 10 
provides each of the unequal volume water zones Zi and z 2 with equal 

10 heating wattage densities (e.g., watts/gallon) using unequal wattage 

heating elements. 

For example, if tank 12 is a 60 gallon tank, the upper water zone Zi 
would have 20 gallons therein and the lower water zone z 2 would have 40 
gallons therein, if the upper heating element wattage Wi is 3000 watts 
(3kw), then the bottom heating element wattage w 2 would be 6000 watts 
(6kw). Accordingly, the wattage/gallon value in zone Zi would be 3000 
watts/20 gallons = 150 watts/gallon, and the wattage/gallon value in zone 
z 2 would be 6000 watts/40 gallons = 150 watts/gallon. Thus, the heating 
wattage densities in the unequal volume tank water zones Zi and z 2 , 
20 achieved using the unequal wattage electrical heating elements 26 and 28, 
would be equal. Representatively, each of the individual heating elements 
26,28 is controlled by its own thermostat (not illustrated). 

in the electric water heater 10 just described, the unit will only use 
the power required to heat the amount of water needed. For example, if 
25 only a small hot water draw is made, only the bottom heating element 28 
will be energized, as more water is drawn, the upper heating element 26 
can be energized. The water heater 10 still has the total heating capacity 
of the two elements 26 and 28 when needed, but will adjust when this 
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total wattage capacity is not needed. This desirably reduces the power 
consumption of the unit, and electrical load factor, thereby making the 
unit more energy efficient while at the same time substantially preventing 
undesirable temperature overshoot during small water draw conditions. 

5 The representative element arrangement and relative sizing shown in the 
electric water heater 10 is advantageous in applications wherein frequent 
short water draws are anticipated. 

An alternate embodiment 10a of the previously described electric 
water heater 10 is schematically depicted in fig. 2. water heater 10a is 

10 similar to the previously described water heater 10 with the exception 
that the volume Vi of the upper water zone Zi is representatively twice as 
large as the volume v 2 of the bottom water zone z 2 . Accordingly, the 
wattage Wi of the upper heating element 26 is twice the wattage W2 of 
the bottom heating element 28. as in the case of the previously described 

15 electric water heater 10, the volumes Vi,V2 of water in zones Zi,z 2 thus have 
equal heating wattage densities. This representative element 
arrangement is particularly advantageous in short draw/bad water 
applications, and serves to lengthen element life. 

Of course, an electric water heater embodying principles of the 

20 present invention may have more than the two heating elements 
representatively illustrated in figs. 1 and 2. For example, the alternate 
electric water heater embodiment 10b schematically depicted in cross- 
section in FIG. 3 is representatively provided with three electric heating 
elements - an upper heating element 26 serving and positioned at the 

25 bottom of upper tank water zone Zi, a vertically intermediate heating 
element 28 serving and positioned at the bottom of vertically 
intermediate tank water zone Z2, and a bottom heating element 30 serving 
and positioned at the bottom of the bottom tank water zone Zj. 
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The volume v 2 of the intermediate tank water zone z 2 is twice the 
volume Vi of the upper tank water zone Zi, and the volume v 3 of the 
bottom tank water zone Zi is twice the volume v 2 of the intermediate tank 
water zone z 2 . Accordingly, to provide the water zones Zi,z 2( Z3 with equal 
wattage/gallon heating densities the wattage w 2 of the intermediate 
heating element 28 is twice the wattage Wi of the upper heating element 
26, and the wattage w 3 of the bottom heating element 30 is twice the 
wattage w 2 of the intermediate heating element 28. 

while the present invention has been representatively illustrated 
and described herein as being incorporated in an electric water heater, it 
will readily be appreciated by those of skill in this particular art that 
principles of the present invention could also be advantageously 
incorporated in other types of liquid heating devices if desired, and are 
not limited to water heaters. Additionally, while the individual electric 
heating structures shown herein have representatively been described as 
being individually controlled by, for example, separate thermostats, it will 
also be readily appreciated by those of skill in this particular art that in 
multi-element applications various individual electrical elements could be 
grouped for control purposes without departing from principles of the 

present invention. 

The foregoing detailed description is to be clearly understood as 
being given by way of illustration and example only, the spirit and scope 
of the present invention being limited solely by the appended claims. 



